Abstract. The present study aimed to study the efficacy of aprepitant in the prevention of chemotherapy-induced nausea and vomiting (CINV) in patients receiving moderately emetogenic chemotherapy (MEC) for colorectal cancer (CRC), and comprised a multicenter, phase II, open-label, randomized, parallel comparative study conducted as part of the Kagoshima aprepitant study for colon cancer in Japan. Patients with advanced or recurrent CRC were treated with standard MEC regimens (FOLFOX, XELOX or FOLFIRI) and received either standard chemotherapy [5-hydroxytryptamine-3 receptor antagonist (5-HT 3 RA) + dexamethasone] or aprepitant regimen chemotherapy (5-HT 3 RA + reduced-dose dexamethasone + aprepitant). The primary endpoint of the present study was the proportion of patients who achieved a complete response (CR) during the overall, acute, and delayed phases of the first planned chemotherapy cycle. Secondary endpoints were complete protection, the proportions of patients without emetic episodes or nausea, patients with no more than moderate nausea during the overall, acute and delayed phases, and the time to treatment failure. The CR rates in the overall, acute and delayed phases were similar in the aprepitant and the standard-regimen groups. Additionally, there were no significant differences in secondary endpoints between the two groups. In summary, aprepitant in combination with 5-HT 3 RA and reduced-dose corticosteroids was well tolerated and effective in preventing CINV associated with moderately emetogenic antitumor agents in Japanese patients with CRC.
Introduction
Despite considerable progress in the management of chemotherapy-induced nausea and vomiting (CINV), it remains one of the most problematic adverse effects of chemotherapy among cancer patients. Uncontrolled CINV can limit the dose intensity of chemotherapy and severely compromise a patient's quality of life (1) . The occurrence of CINV depends primarily on the dose and type of chemotherapeutic agent(s) used in treatment strategies.
To the best of our knowledge, few previous studies have addressed the efficacy of anti-emetic treatment in patients receiving moderately emetogenic chemotherapy (MEC). It has been demonstrated previously that a 5-hydroxytryptamine-3 (5-HT 3 ) receptor antagonist (RA) plus a corticosteroid have anti-emetic effects in patients receiving MEC (2) (3) (4) . The American Society of Clinical Oncology (ASCO) guidelines recommend a three-drug combination of 5-HT 3 RA, dexamethasone and aprepitant (a neurokinin 1 RA) is administered prior to highly-emetogenic chemotherapy, however, only a two-drug combination of 5-HT 3 Colorectal cancer (CRC) is currently the third most common cancer worldwide (9) . Approximately 20-25% of patients with the disease already have metastases at the time of diagnosis, and 50-60% of the remaining patients will go on to develop them (10, 11) . A number of anti-cancer agents have demonstrated significant antitumor activity in metastatic CRC (mCRC), including the systemic drugs 5-fluorouracil (5-FU), irinotecan, oxaliplatin, and the oral drug capecitabine. Different combinations of these drugs, such as the FOLFOX [leucovorin (LV), 5-FU, and oxaliplatin], FOLFIRI (LV, 5-FU, and irinotecan) and XELOX regimens (oxaliplatin and capecitabine), with or without a monoclonal antibody agent, are known to improve outcomes in mCRC patients (12) (13) (14) (15) . In terms of the adjuvant chemotherapy, oxaliplatin in combination with FU, modulated by (LV) or capecitabine, is a standard therapy for non-distant mCRC patients with positive (stage III) lymph nodes (16) (17) (18) . These three types of regimens are classified as non-AC MEC for CRC. The current recommended therapy for CRC patients receiving MEC is the combination of a 5-HT 3 RA and dexamethasone (19) (20) (21) .
In the present study, a multicenter, open-label, randomized phase II study was conducted in order to evaluate the efficacy of aprepitant in preventing CINV following oxaliplatin-or irinotecan-based MEC (FOLFOX, XELOX or FOLFIRI) in CRC patients.
Patients and methods
Study design and patients. The present multicenter, phase II, open-label, randomized, parallel comparative study was conducted in a total of 18 institutions in Japan, as part of the Kagoshima Aprepitant Study for Colon Cancer (KASCC). The trial was conducted between September 2011 and August 2013 following approval from each institution's review board. Written, informed consent was obtained from all patients, who were enrolled using an online registration system. The patients with advanced or recurrent CRC were enrolled and stratified according to their performance status (PS; 0 or 1-2), institution, and chemotherapy regimen (FOLFOX, XELOX or FOLFIRI), and then randomly assigned to the aprepitant (5-HT 3 RA + reduced-dose dexamethasone + aprepitant) or standard (5-HT 3 + dexamethasone) regimen group according to a computer-generated, blinded allocation schedule. The study period included the first course of chemotherapy for each patient. Treatment administration. Patients in the standard-regimen group received 5-HT 3 RA and dexamethasone 9.9 mg by i.v. on day 1, followed by oral dexamethasone 4 mg twice daily on days 2 and 3. Patients in the aprepitant-regimen group received oral aprepitant 125 mg plus i.v. 5-HT 3 RA and dexamethasone 6.6 mg on day 1, and oral aprepitant 80 mg plus oral dexamethasone 2 mg twice daily on days 2 and 3. 5-HT 3 RAs were administered by i.v. over 30-min prior to chemotherapy. Aprepitant was administered orally at 125 mg on day 1 prior to chemotherapy, and 80 mg each on days 2 and 3. Dexamethasone was administered by i.v. over 30-min in combination with the 5-HT 3 RA, prior to chemotherapy (Table I) .
Endpoints and investigation methods. The total study period was from the initiation of chemotherapy until day 5. The primary endpoints of the study were the proportions of patients who achieved CR (defined as no emetic episodes and no use of rescue therapy) during the overall phase (0-120 h post-chemotherapy), the acute phase (0-24 h post-chemotherapy), and the delayed phase (24-120 h post-chemotherapy) of the first planned chemotherapy cycle. Secondary endpoints were: i) Complete protection (CP, defined as no emesis, no rescue therapy, and no more than moderate nausea), and ii) the proportion of patients without emetic episodes or nausea, and with no more than moderate nausea during the overall, acute and delayed phases, and time to treatment failure (i.e., time to first emetic episode or time to administration of rescue therapy, whichever occurred first). Patient diaries were used to record any emetic episodes, nausea, or rescue anti-emetics in daily (24 h) intervals. The presence or absence of CINV was recorded and graded according to the common terminology criteria for adverse events (CTCAE) from the National Cancer Institute, version 4.0 (available at: http://ctep.cancer.gov/protocolDevelopment/). Grade 1 or higher was considered as positive for CINV. Patients recorded the most severe nausea intensity during the previous 24 h period, based on a 4-point scale (0, none; 1, mild; 2, moderate; 3, severe).
Statistical analysis. The outcomes in both groups were analyzed using χ 2 tests for primary endpoints, secondary endpoints and patients' characteristics by treatment regimen group. Two-sided two-sample t-tests were used where appropriate. P<0.05 was considered to indicate a statistically significant difference.
Results

Patients.
A total of 117 patients were randomly assigned to one of the two treatment arms (Fig. 1) . Of these patients, one in the aprepitant regimen group and three in the standard regimen group were excluded from the efficacy analyses because the anti-emetic regimen was deemed to have been changed, and did not meet the inclusion protocol for the present study. Thus, in total, 113 patients were included in the full analysis set. Both treatment groups had similar baseline demographics. The majority of patients (94.7%) received oxaliplatin-based chemotherapy. Patient baseline characteristics, including known risk factors for CINV (female, history of alcohol use, morning sickness, motion sickness, or prior CINV), were similar between the two treatment groups (Table II) .
Efficacy. The percentages of patients with CR in the overall, acute, and delayed phases for each treatment are shown in Fig. 2 . The CR rates in the overall, and delayed phases were similar in the standard and aprepitant regimen groups (overall phase: 79.6% (43/54) and 79.7% (47/59); acute phase: 94.4% (51/54) and 94.9% (56/59); delayed phase: 79.6% (43/54) and 79.7% (47/59), respectively.
There were no significant differences between the aprepitant-and standard-regimen groups in terms of the following predefined secondary endpoints: The proportion of patients without emetic episodes, with no nausea, with no more than moderate nausea during the overall, acute and delayed phases, and the time to treatment failure (Table III and Fig. 3 ).
Tolerability. The adverse events reported following treatment are summarized in Table IV . The overall incidences of adverse events were similar in both groups. The incidences of leucopenia and neutropenia were similar in both treatment groups. Grade 3-4 neutropenia, defined by the National Cancer Institute toxicity criteria, occurred in 11 patients (20.7%) in the aprepitant group and 15 patients (25.4%) in the standard group. The neutrophil counts were similar in the two treatment groups (Table IV) .
Discussion
CINV is an unpleasant adverse effect of MEC in patients with CRC, and may limit the efficacy of the treatment for this disease. The prevention and treatment of CINV are therefore important considerations for CRC patients, as well as those with other cancers. To the best of our knowledge, the present study provides the first report of a randomized trial to evaluate the efficacy of triple therapy that incudes aprepitant (with dexamethasone and a 5-HT 3 RA), for the prevention of CINV in CRC patients receiving oxaliplatin or irrinotecan-based MEC.
MEC-induced vomiting in the acute phase of treatment is known to be well-controlled by 5-HT 3 RA (22, 23) . However, delayed vomiting and nausea are still poorly controlled during MEC, resulting in negative patient attitudes towards treatment Complete response according to treatment phase. A bar chart of the proportion of patients that achieved a complete response (CR) in the overall, acute, and delayed phases of either the standard or aprepitant treatment regimen. CR was defined as no vomiting and no use of rescue medication. The overall, acute, and delayed phases were 0-120, 0-24, and 25-120 h, respectively, following the initiation of chemotherapy. There were no statistically significant differences between the standard or aprepitant treatment groups.
and hindering the continuation of MEC. The present study investigated the addition of aprepitant to dexamethasone in the delayed phase, to determine if it could improve outcomes in CRC patients receiving MEC. However, our results revealed there were no significant differences between the standard and aprepitant regimen in terms of complete suppression of Acute phase Delayed phase Nausea score 0 and 1. There were no statistically significant differences between the treatment groups for any endpoints. vomiting, CR and CP rates, incidences of no vomiting and no nausea, no significant nausea, and time to treatment failure either overall, or in the acute or delayed phase. Similarly, there were no notable differences in adverse events between the standard and aprepitant regimens. The MASCC (24) and ASCO guidelines (25) recommend palonosetron as the preferred 5-HT 3 RA for non-AC MEC regimens, and thus, the use of palonosetron instead of granisetron may improve delayed CINV in this setting. Moreover, a recent study from the Rochester Cancer Center demonstrated that delayed nausea was significantly improved by the administration of additional dexamethasone on days 2 and 3; however, there was no difference between palonosetron and granisetron during highly-emetogenic chemotherapy or MEC (26) . The difference between palonosetron and granisetron would be expected to be small. As noted previously, the suggested optimum dose of dexamethasone for standard prophylaxis is 20 mg in combination with a 5-HT 3 RA (27) .
The addition of dexamethasone to 5-HT 3 RA has been reported to improve total control rates by 9.8-13.4% at 24 h, and by 4.7-8.7% at 48 h (22, 28) . However, while corticosteroids (dexamethasone) are recommended for treating delayed nausea and vomiting, their side effects remain a concern for many clinical oncologists (29) . In the present study, the dexamethasone dose was 9.9 mg on day l, and 8 mg p.o. on days 2 and 3. Aprepitant is a substrate and inhibitor of CYP3A4, known to increase plasma dexamethasone concentrations (30) . Therefore, to achieve comparable plasma levels of dexamethasone in the presence of aprepitant, the dose of dexamethasone was 6.6 mg i.v. on day l and 4 mg p.o. on days 2 and 3 in the aprepitant regimen. Both the i.v. and p.o. doses of dexamethasone could therefore be reduced when combined with aprepitant, in comparison to the standard regimen for MEC. The lower dose of dexamethasone in the aprepitant regimen may therefore help to reduce the side effects associated with long-term corticosteroids administration during MEC in patients with CRC, and may therefore also help to maintain the quality of life in these patients.
In conclusion, the present study demonstrates that aprepitant in combination with a 5-HT 3 RA and reduced dose of corticosteroid was well tolerated and effective for preventing CINV associated with MEC in Japanese patients with CRC. No grade 3 or 4 adverse events were observed except for neutropenia and leukopenia. There were no statistically significant differences in risk of adverse events between the treatment groups.
